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TOM TAT

Muc tiéu ctia nghién cttu la t6i wu hoa cong thitc gel diclofenac diethylamin,
nghién ctu st dung thiét ké Box-Behnken véi 3 yéu td la: ndéng dd carbopol, ty 1&
ethanol/propylenglycol (EtOH/PG) va luong triethanol amin (TEA); mdi yéu t&
duoc danh gia tai 3 mtc (thap, trung binh, cao). Bién phu thudc la lwgng hoat chat
giai phong sau 4 gio va do nhét. Két qua cho thay, véi nong do carbopol 8,75%,
luong TEA 2 g, ty 1€ EtOH/PG la 2/1 cho két qua t6i vu theo ham ky vong. D€ kiém
ching, tién hanh bao ché 14p lai cong thic t6i wu 3 lan, danh t6c do giai phéng
hoat chat sau 4 gio va d6 nhét, két qua cho thay su khac biét khong dang ké gitra
thuc nghiém va duw dodn (5%). Két qua danh gia tinh tham qua da chudt cho thay,
toc do giai phong hoat chét ctia cong thire t6i wu va gel d6i chiing la twong duong
nhau (f2 = 81,31%).

Tw khoa: carbopol, diclofenac diethylamin, gel, t6i wu hoa.

1. MO PAU

Viém 12 mét chudi céc phan tng xay ra tai mot vung trong co thé khi bi kich
thich boi cac tdc nhan gay viém (vi khuan, virus, vi ndm, cac tac nhan ly héa khac...).
Viém la phan tGng c6 loi d€ bao vé co thé, nhung trong nhiéu treong hop, khi phan
tng viém xay ra qua manh sé gay ra ton thuwong, hoai t tai vi tri viém. Cac nhom
thudc diéu tri viém duoc st dung kha da dang vé duoc chat cting nhu dang bao ché.
Trong d6, nhom khang viém khong steroid (NSAIDs) thuwong dwogc stv dung dé€ diéu tri
dau cdp tinh va dau man tinh. Nhung viéc st dung NSAIDs lau dai bang duwong udng
c6 thé bi han ché bdi tac dung phu nhw ddc tinh véi da day, gan, than va c6 nguy co
mot s6 bénh tim mach [1]. Chinh vi vay, trong nhiing treong hop ton thuong ngoai
bién c6 thé€ st dung dang bao ché dung ngoai d€ lam giam nhing tac dung khong
mong mudn trén.
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Diclofenac 1a dan xuat ctia acid phenylacetic thuéc nhém thude NSAIDs, c6 tac
dung trc ché cyclooxygenase manh. Ngoai dang vién udng, diclofenac con dwoc bao
ché€ dudi dang dung ngoai da dé€ diéu tri dau va viém trong cac bénh ly viém xwong
khép va cac chan thwong moé mém [1]. Cé hai dang mudi diclofenac thuong dwgc st
dung bao ché cac ché€ phdm dudi dang bdi ngoai da la: Gel diclofenac natri va gel
diclofenac diethylamin (DDEA). Trong d6, DDEA la dang mudi duoc cho 1a hdp thu
tot hon khi dung ngoai da [2]. Trong nghién cttu nay, ching toi tién hanh bao ché€ va
t01 wu hod cong thikc gel diclofenac diethylamin.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Diclofenac diethylamin (Guangzhou Yiyuan Biological Technology Co., Ltd.),
carbopol 940 (Sigma-Aldrich), acetonitril (Sigma-Aldrich), acid formic (Sigma-Aldrich),
triethanolamin (Trung Qudc), nwde cat (Viét Nam), ethanol (Viét Nam).

2.2. Qui trinh bao ché gel

Can va ngam carbopol trong nudc cho téi khi treong nd hoan toan (A). Hoa tan
1,16g DDEA vao trong ethanol 96% va phoi hop vdi cac td duoc nipagin, propylen
glycol cho dén khi hon hop tan hoan toan (B). Tron déu A va B, thém triethanolamin va
ti€p tuc khudy tron dén khi thu dwoc gel dong nhat.

Bang 1. Cong thitc duy kién cua gel

STT Ta dwoc Ham lwong (% kl/kl)
1 Diclofenac diethylamin 1,16

2 Carbopol 940 0,75-1,50

3 Triethanolamin 2-3

4 Ethanol 96% 15-30

5 Propylen glycol 15-30

6 Glycerin 5

7 Nipagin 0,1

8 Nudc Viradu 100 g

2.3. Thiét ké va t6i wu hoa cong thirc gel

Str dung thiét k& Box Benhken ctua phan mém Design Expert 12.0 v6i 3 yéu to
(bién doc lap), mdi yéu t6 3 muc:
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Bang 2. Khai bdo bién doc 1ap va bién phu thudc

Tén va ma ho4 bién Mitc thip  Miic trung binh  Mikc cao
Xi - Nong do chat tao gel (% kl/kl) 0,75 1,125 1,5
X2 - Ham luong TEA (g) 2 2,5 3

Xs - Ty lé EtOH/PG 0,5 1,25 2

Y1-Luong duoc chét giai phong sau 4 gio (ug)

Y2 - Do nhdt (cps)

Bang thiét ké chi tiét thi nghiém t6i wu hod dwoc thé hién trong bang 3. Tién
hanh cac tht nghiém theo thiét ké, cac mau thu dwoc sé duoc dem thi nghiém do hoa
tan trén t& bao Franz va do d6 nhét bang may Brookfiel RV-DVIL Két qua duoc xtt ly
bdi phan mém Design Expert 12.0 d€ phan tich, tim ra quy luat, xu huéng, mic d6 anh
huong, moi quan hé dinh luong gitra cac bién doc 1ap va bién phu thudc, cong thirc t6i
wu. Sau khi ¢ két qua t6i wu, tién hanh thuc nghiém kiém chiing d€ xac nhan tinh
chinh xac cua gia tri dg doan. Cong thtrc tdi wu sé duwoc danh gia tinh thdm qua da
chudt va so sanh vdi san pham do6i chiéu trén thi truong (Diclofenac STELLA, s& 16
351020)

2.3.1. Phuong phép thit do hoa tan

Tién hanh danh gia ham luong DDEA giai phong tir gel qua mang cellulose
acetate trén thiét bi khuéch tan mo6 phong t€ bao khuéch tan Franz v6i moi truong
khuéch tan la dung dich dém pH = 7,4. Dung dich dém duoc siéu am trong 10 phut dé
loai bot khi, sau d6 d6 day vao khoang chita moi truong khuéch tan cua binh Franz.
Can chinh xac khoang 1,0 g gel va cho vao khoang chtta mau ctia binh Franz. Ly mau
tai thoi diém t = 4 gio. Thé tich mdi [An lay mau 1a 1,0 ml, dich duoc loc qua mang 0,45
um va dugc dinh legng bang HPLC. B8 sung mét thé tich méi treong méi bang dtng
thé tich moi treong ngay sau khi 1dy mau. Ham lugng dwoc chét giai phong trén mot
don vi dién tich da tir gel sau khoang thoi gian 4 gio duwoc tinh theo cong thitc:

Au VC
A Gy

Q: Luong DDEA da giai phéng qua mot don vi dién tich da (ug /cm?); Au: Dién
tich peak cua dung dich th (LAu.s); As: Dién tich peak cua dung dich chudn (pAu.s);
Cs: Nong do dung dich chuan (10 ug/ml); Ve Thé tich moéi truong cé trong ngan nhan
(ml); S: Dién tich ti€p xtc gitta mang va moi treong (cm?) [3].

2.3.2. Phuong phap do tinh tham qua da

Tach da chudt: Chudt nhét trang (5 - 6 tuan tudi) dwoc nudi 6n dinh it nhat 7
ngay trong phong thi nghiém. Sau d6 chuét dugc gay mé bang d4 CO: va cao sach
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16ng, tach 14y da lung chudt véi kich thwde khoang 3 x 3 cm, loc tach bo phan m& dwéi
da. Rtra sach bang nidc mudi sinh 1y va soi dudi kinh hién vi d¢€ dam bao da chudt
khong bi ton thuwong/thiing, st dung trong vong 3 gio sau khi tach. Dat da chudt 1én
thiét bi (trdnh lam rach), sau d6 can chinh xac khoang 1,0 g gel va cho vao khoang chita
mau ctia binh Franz. Dung méi thit nghiém la hé dém phosphat pH = 7,4. Mau dich
dem dich luong duoc 1dy vao cac thoi diém: 3h, 4h, 5h, 6h, 7h, 8h. Thé tich modi [an lay
mau 1a 1,0 ml, dich dwoc loc qua mang 0,45 um va dugc dinh lugng bang phuong
phéap HPLC. B8 sung mot thé tich méi tredong méi bang dtung thé tich méi truong ngay
sau khi 18y mau. Ham lwong dwoc chét gidi phong theo thoi gian duwgc tinh theo cong
thirc:
Q=G Q= CGE+H(AReY) Qu= PCeEt N(AR,, )

Q1, Q2. Qn: tong luong DDEA da giai phong qua mot don vi dién tich da (ug
/ecm?); Au: Dién tich peak ctia dung dich tht tai cac thoi diém t =3, 4, 5, 6, 7, 8 gi0; As:
Dién tich peak ctia dung dich chudn (nAu.s); Cs: Nong do dung dich chuan (10 pg/ml);
AR: Luong duoc chat phdng thich (ug/ml); Ve: Thé tich moi truong cé trong ngdn nhan
(ml); Vs: Thé tich moi treong 18y ra tai cac thoi diém t (ml); S: Dién tich tiép xtc gitra
mang va moi treong (cm?) [3].

H¢ s6" twong duong (f) duoc st dung dé so sanh su twong duong gitra cac
duong bidu dién phéng thich dwoc chat, hai d6 thi phéng thich dwgc chat dwoc xem 1a
teong duong khi f2 dat trong khoang 50 — 100. Hé s6 f2 dwgc tinh theo cong thirc:

t=n -0,5
1 - =
t=1

T: Thoi diém 18y mau. N: S8 thoi diém ctia mdi mau. R;: Gia tri trung binh cua
thudc thi tai thoi diém t. T;: Gid tri trung binh ctia thudc ddi chiéu tai thoi diém t [3].

f> =50.log

2.3.3. Dinh luong DDEA béng phuong phap HPLC

May HPLC Waters e2695. Cot sac ky Reliant C18 5um (4.6x250 mm Column).
Pha dong la hon hop acid formic 0,1% (dung moi A) va acetonitril (dung moéi B), ty 1&
dung mdi A/B 1a 35/65 (v/v), ch& d6 dang dong. Tdc d6 dong 1 ml/phat, nhiét dd cot 25
°C. Thoi gian chay la 30 phat. Thé tich tiém mau 10ul. Budc séng phét hién 276 nm.

3. KET QUA VA BAN LUAN
3.1. K&t qua phan tich sy anh hwéng ctia cac yéu t6 va mo hinh du doan.

Tién hanh thuc nghiém theo bang thiét ké Box - Benhken. Két qua thuc nghiém
va phan tich mé hinh du doan duoc thé hién trong bang 3 va bang 4.
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Bang 3. Két qua cua cac thir nghiém theo thiét ké Box Benhken

Lugng duoc chat

STT Nong do gel Ham luwgng TEA EtOH/PG giéi phong sau 4h Do nhot
1 1,125 2,00 2,00 1241,41 38400
2 1,125 3,00 0,50 977,83 41400
3 1,125 2,50 1,25 1133,01 40733
4 1,50 2,50 2,00 1013,02 64800
5 1,50 2,00 1,25 963,97 55000
6 1,50 3,00 1,25 922,45 56400
7 0,75 2,00 1,25 1247,06 20000
8 0,75 3,00 1,25 1091,41 14600
9 1,50 2,50 0,50 865,59 67600

10 0,75 2,50 0,50 1204,95 16600
11 0,75 2,50 2,00 1441,71 13400
12 1,125 2,50 1,25 1047,06 47000
13 1,125 2,50 1,25 1307,35 38200
14 1,125 2,00 0,50 1033,03 46000
15 1,125 3,00 2,00 1094,80 53400

Bdng 4. Két qua phan tich cac mo6 hinh dy doan

Bién phu thudc Ham luyén mang R? Predicted R? Adequate Gidtrip
precision

Lwong dwgc chat giai Ham nghich dao 0,8175 0,7278 12,6218 0,0002

phéng sau 4 gio

Do nhot Ham luy thtra 0,9081 0,8131 14,9317 0,0001

Két qua phan tich cho thdy, cac md hinh du doan déu cé y nghia thong ké (p <
0,0005), va phuong trinh ho6i qui mé ta tot véi dix liéu dau vao (R? > 0,8, predicted R? >
0,7). Gia tri cua Adequate precision 16n hon 12 cho thdy, mo6 hinh cé y nghia va kha
nang du doén tot.
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3.2. Anh huwdng ciia cic biéh déc ldp ddi voi lwong dwoc chit gidi phong

Sy anh huodng cua cac bién doc lap téi lugng dugc chat duoc giai phong sau 4
gio duoc thé hién trong bang 5 va hinh 1.

Bing 5. Két qua phan tich cac yéu t6 anh huong toi luong duoc chat duoc giai phong

Téng binh R Trung binh o o
Bac tw do GiatriF Giatrip
phuong binh phuong
M5 hinh 1,852E-07 3 6,173E-08 16,42 0,0002
A-Nong do gel 1,306E-07 1 1,306E-07 34,75 0,0001
B-TEA 1,309E-08 1 1,309E-08 3,48 0,0889
C-EtOH/PG 4,150E-08 1 4,150E-08 11,04 0,0068
Lack of Fit 2,293E-08 9 2,547E-09 0,2766 0,9296

Phuong trinh mo ta lwong duoc chat giai phdng sau 4 gio: 1/Y (ug) = 0,000456 +
0,000341*A +0,000081*B - 0,000096*C.

Phuwong trinh md ta c6 y nghia thong ké véi p = 0,0002; R? = 0,8175. Do vay
phuong trinh dwoc lua chon d€ t6i wu hoa bién lwong duoc chat giai phong sau 4 gio.
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Hinh 1. Bé mat dap ting cua luong chat giai phong sau 4h theo cac bién dau vao

Déi v6i dang bao ché gel, loai ta duoc lwa chon dé tao gel la yéu t6 rat quan
trong. Co nhiéu loai t4 dwgc thuong duoc st dung nhu natri carboxymethyl cellulose,
hydroxypropyl methylcellulose, carbopol. So v6i khac polyme khac, carbopol c6 nhiéu
rvu diém nhw néng do tao gel thap, dd nhét cao, cho tdc do gidi phong duoc chat tot [4-
5] chinh vi vay, carbopol 940 duoc lua chon dé lam ta duoc tao gel.

Carbopol la loai polyme than nudc, v6i nong do thuwong duoc khuyén cao dé
tao gel 1a 0.5-2.0% [6]. Trong khao sat cta chung t6i, khi c6 thém cac dung mai kém
phéan cuc hon nudc nhu ethanol, PG 1lam cho d6 nhét cuia gel thdp hon so véi moi
treong nudc, dac biét khi nong dd cac chat nay vuot qua 50% lam cho gel loang va
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giam kha ndng bam dinh trén da. Khi danh gia so bd véi nong do 2%, do nhot cta gel
qua cao, hon ntra sau khi st dung trén da, gel d€ lai can khi dung méi bay hoi. Do vay,
noéng dd carbopol dugc lya chon d€ khao sat la 0,75-1,5%. Két qua phan tich cho thdy,
yéu t6 anh huong manh nhat la néng d¢ carbopol (p < 0,0005), va sy anh hudng nay
theo xu hudng: Nong do carbopol cang tang, lugng hoat chat giai phong cang cham.
Nguyén nhan cé thé do d6 nhét cang cao, su giai phdng hoat chat sé cham lai.

Ethanol va PG dugc st dung trong cong thitc khong chi véi muc dich lam tang
dd tan ctia duoc chat, tdng tinh tham qua da, ma con st dung d€ on dinh gel. Trong
dung mdi nuwdc, gel kém bén va dé bi két ttia do gdc diethylamin phan tng tao tta véi
nhém acid cong thic ctia carbopol, chinh vi vay viéc kiém soat pH va sit dung dung
moi nhu ethanol, rrou da chitc sé giam dwoc twong ky nay [6]. Vi vay, chung toi st
dung 2 chat nay véi ham lugng 45% trong cong thire. Két qua phan tich cho thay, ty 1&
EtOH/PG anh huong theo xu hudéng: Ty 1é EtOH/PG cang tidng, luong hoat chat giai
phong ciing tang theo (p < 0,01). Diéu nay ¢ thé giai thich boi ethanol c6 dd nhét thap
hon so v6i PG, lam dé thAim w6t mang ethyl cellulose trén t& bao Franz va giap DDEA
dé dang giai phéng khoi gel. Do vay, cang st dung nhiéu EtOH trong giéi han khao
sat, toc do giai phong DDEA cang tang.

Yéu t6 con lai la lwong TEA, trong gidi han khao sat TEA ¢é anh hudng t6i
lwgng hoat chat giai phong (c6 mat trong phwong trinh hoi quy) nhung khéng co y
nghia thong keé.

3.3. Két qua phan tich anh hwdng caa cic bién doc 1ap ddi voi do nhaot

Sy anh hwong ctia cac bién doc lap téi d6 nhét duoc thé hién trong bang 6 va
hinh 2.

Bang 6. Két qua phan tich cac yéu t6 anh huong t6i do nhot

Téng binh Trung binh o o
Bac tu do GiatriF Giatrip
phuong binh phuong

M6 hinh 3,882E+11 3 1,294E+11 36,23 <0,0001
A-Nong d¢ gel 3,873E+11 1 3,873E+11 108,45 <0,0001
B-TEA 8,598E+08 1 8,598E+08 0,2407 0,6333
C-EtOH/PG 3,359E+07 1 3,359E+07 0,0094 0,9245
Lack of Fit 3,508E+10 9 3,898E+09 1,85 0,3994
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Hinh 2. Bé méat dap ting cua do nhot theo cac bién dau vao

Phuong trinh mo ta d6 nhét phu thude vao bién dau vao: Y2 (cps) = -359058 +
586775*A + 20734*B - 2731*C

Phuong trinh mo ta ¢d y nghia thdng ké voi p < 0,0001; R? = 0,9081. Do vay
phuong trinh trén duoc lya chon dé€ t6i wu hoa bién lwong d6 nhét.

Vi bién phu thudc 1a ot nhét, trong 3 yéu t6 khao sat, chi c6 nong dd carbopol
anh huong c6 y nghia thong ké theo xu hudng: Nong dd carbopol cang cao, d6 nhét
cang tang (p < 0,0001). Ty 1é EtOH/PG trong gidi han khao sat anh huwong it nhat toi do
nhét va khong c¢d y nghia thong ké, anh hudng theo xu huwdéng: Cang tang ty 1é
EtOH/PG thi d6 nhét cang giam. Mac du cang ting nong dd ethanol cang lam loang
gel vi carbopol truong nd trong nude va kém treong no trong ethanol, tuy nhién cé thé
do lwong nwdc duoc sit dung trong cac cong thirc khao sat khoang 50%, va lwong nwdc
nay du dé lam truong nd hoan toan carbopol str dung. Vi vay, ty 1é EtOH/PG thay d6i
trong gidi han khao sat (nhung tong luong 1a 45%) anh huong it t6i dd nhot.

3.4. T6i wu hoa cong thirc gel

Muc tiéu nghién ctu la xac dinh dwoc cong thic t6i wu hoa dé€ tdc do giai
phéng duwoc nhiéu nhat va dd nhdt trong gidi han cho phép. Viéc tdi wu hoa duoc thuc
hién dua trén mo hinh lién quan nhan qua da thiét 1ap, duoc thé hién théng qua
phuong trinh mo ta va cac hé s6 anh hudng.

075
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lugng gidi phéng sau dh = 1383.12

Hinh 3. Ham ky vong va diéu kién t&i vu hoa

Desirability = 0.936
Selution 1 out of 71
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Vi két qua cua phan tinh anh hudng ctia cac yéu to toi toc do giai phong duoc
chat va dot nhét, cac phuong trinh hoi quy thu duoc mo ta tdc cac div liéu dau vao va
c6 kha nang du doan tét (p < 0,005; R? > 0,8; adequate precision > 12). Tién hanh t6i uvu
hoa theo ham ky vong mong (hinh 3) thu duwoc két qua la: Nong d¢ carbopol 8,75%,
lwgng TEA 2 g, ty 1¢ EtOH/PG la 2/1. Tién hanh thi nghiém kiém ching két qua tdi uu
hoa dwgc dé xuat, 1dp lai 3 lan va lay trung binh. Két qua cho thdy sy khac biét gitra
thuc nghiém va dy doan 1a khong dang ké (< 5%).

Bang 7. Cong thiic t8i wu va két qua thte nghiém kiém ching

Lugng dugc chat giai o
, . Do nhét (cps)
phong sau 4 gio (ug)
STT Cong thirc t6i wu (% kl/kl) L L
Du Thuc nghiém Du Thuc nghiém
doan | (mean+Sp)) | doan (mean * SD)
Diclofenac
1 1,16
diethylamin
2 Carbopol 940 0,873
3 Triethanolamin 2
0 25066,66 +
4 Ethanol 96% 30 1383,12 | 1361,17+26,77 | 25000
416,33
5 Propylen glycol 15
6 Glycerin 5
7 Nipagin 0,1
8 Nudc Vd 100g
RSD (%) 1,97 1,66

3.5. Danh gia toc d giai phong ctia cong thirc tdi wu qua da

Két qua thtr nghiém giai phong duoc chdt qua da cua cong thic t6i vu va ché
pham dai chiéu (Diclofenac STELLA) trén thi truong duwoc trinh bay trong hinh 4.
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Hinh 4. D5 thi biéu dién ham leong dugc chat giai phong ctia cong thirc gel t8i wu véi gel d6i
chiéu

Dai voi nhitng ché pham dang ban rdn (gel, thuéc mo, kem), viéc danh gia th
nghiém giai phéng hoat chat c6 thé duoc danh gia thong qua mang ethyl cellulose (in
vitro) hodc thir nghiém trén da chudt, heo (ex vivo) [3]. Trong dd, thir nghiém danh gia
tinh thdm qua da dong vat thuong duoc ap dung dé€ danh gia vi gan voi tinh chat cua
da nguoi hon so v6i mang ethyl cellulose. Két qua thit nghiém cho thay, trong 3 gio
dau tién, ¢ ca 2 ché€ pham lwong duoc chat thdm qua da rat cham. Tuy nhién, tir thoi
diém 4 gio, lwong duoc chat giai phong taing manh va tuyén tinh (néu chi tinh cac diém
4h, 5h, 6h, 7h, 8h, thi gia tri R? cia 2 dwong biéu dién giai phéng cua gel t&i wu va gel
ddi chiéu Jan luot 14 0,9869 va 0,9699). Nguyén nhan la trong 3 gio dau, luong hoat chat
tham qua da chua On dinh va cham (giai doan tiém thoi). Sau 4 gio, luong hoat chat da
thdm bao hoa qua da chudt, chuyén qua giai doan giai phéng 6n dinh va tuyén tinh [3].

Dua vao két qua giai phong hoat chat ¢ cac thoi diém, hé s6 twong duong tinh
duogc la (f2) = 81,31%. Ttr d6, cd thé két luan khong c6 su khac biét vé lwgng hoat chat
duoc giai phong gitra 2 ché phdm.

4. KET LUAN

ba tién hanh t6i wu hoa cong thitc gel diclofenac diethylamin véi cac thong s6:
Nong do carbopol 8,75%, luong TEA 2 g, ty 1é EtOH/PG la 2/1. Tién hanh thtt nghiém
danh gia tinh thdm qua da cho thdy, khong c6 su khac biét vé sy giai phong hoat chat
cua gel t6i wu so voi gel d6i chiéu.
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OPTIMIZATION OF TOPICAL HYDROGEL FORMULATION OF DICLOFENAC

DIETHYLAMINE

Huynh Thi Nhw Quynh, Hoang Thi Thu Huyen,
Huynh Van Chung, Le Trung Khoang’

Faculty of Pharmacy, University of Ban Me Thuot
* Email: trungkhoang@gmail.com
ABSTRACT

The aim of the study is to optimize a gel formulation for Diclofenac diethylamine
(DDEA). The Box-Behnken design was used with 3 factors: carbopol concentration,
ethanol/propylenglycol ratio (EtOH/PG) and amount of triethanolamine (TEA);
Each factor was conducted at 3 levels: low, medium, high. The dependent variable
was the amount of DDEA released after 4 hours, and the viscosity. The optimal
conditions were determined: carbopol concentration 8.75%, 2 g TEA, EtOH/PG
ratio of 2/1. The optimal formulation was replicated three times to verify, and the

results showed that there was not difference between prediction and reality (< 5%).
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The results of permeability of mouse skin showed that, there was no difference in

the release rate of the optimal formulation and the control gel (2 = 81.31%).

Keywords: carbopol, diclofenac diethylamin, gel, optimization.
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